Mating disruption is used to help manage the navel orangeworm on approximately 200,000 ha of tree nut crops. Aerosol dispensers are the most common formulation, and all formulations use an incomplete pheromone blend consisting solely of (Z11,Z13)-hexadecadienal. Profile analysis (examination of capture and males in pheromone traps as a function of spatial density of dispensers) demonstrated a sharp drop of males captured with a very low density of dispensers, and then an approximately linear relationship between 90 and approaching 100% suppression. This near-linear portion of the profile includes both dispenser densities in which crop protection has been demonstrated, and densities in which it is unlikely. Suppression of males in pheromone traps was lost the next night after dispensers were removed, suggesting that the active ingredient was not persistent in the orchard environment. During most of the summer preharvest period, turning the dispensers off 1 or 2 h before the end of the predawn period of sexual activity provides the same amount of suppression of sexual communication as emission throughout the period of sexual activity. This suggests that encountering the pheromone from the mating disruption dispensers had a persistent effect on males. During the autumn postharvest period, only emission prior to midnight suppressed communication on nights on which the temperature fell below 19°C by midnight. These findings and the analysis will help manufacturers refine their offerings for mating disruption for this important California pest, and buyers of mating disruption to assess cost-effectiveness of competing offerings.
plume of a female in the presence of mating disruption but is fully and immediately capable of doing so if it encounters the female plume in clean air. Other mechanisms by which noncompetitive disruption might occur include suppression of female calling (in species in which the female recognizes and responds to the sex pheromone that she emits), and sensory imbalance in which the disruptant causes the authentic plume to be perceived as inauthentic or foreign, and ignored Gut 2015, Evenden 2016) . Neural effects, either at the level of neuroreceptors and/or at the central and behavioral levels, can contribute to either noncompetitive or competitive mechanisms, depending on the circumstances (Evenden 2016) .
Mechanisms and responses to mating disruption can also vary with the mating disruption delivery mechanism (formulation) (Reinke et al. 2014 , Evenden 2016 . Formulations vary widely in the number of sources per ha and the concentration released. Historically, reservoir (also known as hand-applied) dispensers have been the most common formulation (Evenden 2016) . Aerosol dispensers (devices in which pheromone in solvent is pressurized inside a can and released at programmed intervals by an actuator controlled by an electronic controller; Benelli et al. 2019 ) have, however, became more common in recent years (Stelinski et al. 2007 , Ioriatti and Lucchi 2016 , McGhee et al. 2016 , Vacas et al. 2017 , Wilson and Daane 2017 .
Environmental (e.g., orchard) characteristics can also affect the response of the target pest to mating disruption. One example is the demonstration, in California, of vertical night convection currents which arise from large differences in daytime and nighttime air temperatures in an arid environment, and which could affect pheromone plumes from mating disruption dispensers (Girling et al. 2013) . Another important example of an environmental interaction is the 'ghost effect' documented for the light brown apple moth Epiphyas postvittana (Walker) (Lepidoptera:Tortricidae), in which re-emission of pheromone from leaves resulted in a significant decrease in pheromone trap capture up to 36 h after removal of hand-applied dispensers (Suckling et al. 1996) .
Graphical models have been derived for distinguishing among modes of action of mating disruption based on direct and transformed plots of capture as a function of dispenser density (Miller et al. 2006a,b; Miller et al. 2010; Miller and Gut 2015) . For noncompetitive mechanisms, the number of males captured in traps in the presence of mating disruption dispensers is a direct (negative linear) function of the number of dispensers in a given area (Miller et al. 2006a) . For competitive attraction, however, each additional dispenser per unit area is in competition with the others and the resulting inverse square root function is a concave negative curve (Miller et al. 2006a) . Two transformations were proposed as informative. The first (Miller-Gut) uses a reciprocal function to transform the competitive mechanism curve to a positive linear function. In this case, the noncompetitive mechanism results are positive but curvilinear. The second (Miller-de Lame) transform examines a plot of capture as a function of the product of capture and trap density. Competitive mechanisms yield a negative linear function in this plot, but a noncompetitive mechanism curves back in on itself (i.e., is parabolic with respect to the y-axis). This latter curve is considered more clearly diagnostic (Miller et al. 2006a, Miller and Gut 2015) . Later computer simulation suggested the possibility of a hybrid mechanism, in which some males were initially attracted to dispensers (i.e., competitive inhibition) before noncompetitive process(es) predominated (Miller and Gut 2015) .
The use of mating disruption for management of the navel orangeworm Amyelois transitella (Walker) (Lepidoptera: Pyralidae) (Higbee et al. 2017, Burks and Thomson 2019) has grown spectacularly in the last decade. The navel orangeworm is a principal pest of almonds and pistachios and an important pest of walnuts , Beede et al. 2019 , Grant et al. 2019 . The area in California planted in these tree nut crops has expanded greatly in the past 20 yr, and currently mating disruption is used on an estimated 200,000 ha (D. Thomson, unpublished data) of the >500,000 ha of almonds and pistachios in California (California Department of Food and Agriculture [CDFA] 2018).
The sex pheromone of the navel orangeworm consists of four components; three 16-carbon straight-chain lepidopteran pheromones (SCLP), and a 23-carbon quintuply-conjugated 'type 2' component (tricosapentaene) (Leal et al. 2005 , Kanno et al. 2010 . One of the SLCPs, (Z11,Z13)-hexadecadienal, was discovered long before the others (Coffelt et al. 1979) . It is minimally effective as a lure (Kuenen et al. 2001) , and in the wind tunnel, both the aldehyde and tricosapentaene are necessary for any substantial source contact (Kanno et al. 2010 ). The first mating disruption product registered for navel orangeworm was an aerosol formulation using only the aldehyde (Higbee and Burks 2008) . Aerosol formulations are still a majority of the mating disruption formulations used. One advantage of the aerosol was superior protection of the conjugated diene alhdehyde, which is susceptible to both oxidation and polymerization , Curtis et al. 1985 . Mating disruption formulations containing both the aldehyde and tricosapentaene provide superior mating disruption to aldehyde-only formulations ). However, the aldehyde-only formulation is effective and avoids some economic and regulatory concerns involved with mating disruption formulations using other than SCLP . All current mating disruption products for the navel orangeworm therefore use only the aldehyde component.
Despite the broad similarity of the current commercial aerosol mating disruption systems (same active ingredient and same delivery mode), there are potentially important differences. One manufacturer provides constant emission for 12 h beginning at 5 p.m. local time (before dusk for most of the year in California). The period of navel orangeworm sexual activity is approximately the last 3 h of the night under typical summer conditions but starts earlier between 19°C and the flight threshold of 11°C . A second manufacturer emits over a shorter period of the night while releasing a higher concentration during the period of navel orangeworm activity. A third manufacturer provides a system that is controlled offsite by the vendor and uses a 'variable rate strategy', which includes emitting at lower levels during night hours before the period of sexual activity, perhaps to take advantage of the ghost effect.
A previous study of aerosol mating disruption for the navel orangeworm has demonstrated qualitatively that commercial aerosol mating disruption substantially suppresses pheromone lures over distances of at least 2 km from the orchard under treatment (Burks 2017) . Another study found that effectiveness increased with emission rate (Burks and Thomson 2019) , implying that a uniform cloud of disruptant was important and therefore suggesting that camouflage might be an important part of the mechanism in this system. If so, ending mating disruption before the end of the nightly period of sexual activity, as some have done in commercial practice, could be deleterious. We therefore wished to examine three questions. First, what is the relationship between intensity of mating disruption, as varied with dispenser distribution, and the number of males captured in pheromone monitoring traps? Second, is camouflage an important part of mating disruption for navel orangeworm? Alternatively, is impaired ability to locate a female-equivalent pheromone source persistent after exposure to the disruptant? Finally, we wished to examine whether we could demonstrate a ghost effect as occurs in other systems.
Materials and Methods
A study comparing the spatial density of aerosol dispensers with pheromone trap suppression was conducted in Sacramento Valley almond orchards in 2016, from late March until the onset of almond harvest (Table 1) . Experiments examining the impact of time of termination of aerosol mating disruption were conducted in pistachios in the central San Joaquin Valley in 2017, from the late part of the flight of the overwinter navel orangeworm population until the postharvest period of September and October (Table 1) .
Pheromone Trap Capture Versus Dispenser Density
An experiment comparing moths captured in pheromone plots at five dispenser densities with traps in untreated plots was replicated in three locations within 5-10 km of each other in the vicinity of Orland, CA (39.660, 39.675, 39.647, ; and at a fourth site 90 km to the south, near Arbuckle CA (38.977, −122.088). These sites were selected based in part on historical navel orangeworm pressure, and also because they had the required size and configuration to provide 6 contiguous or nearcontiguous 16 ha square subdivisions to serve as replicate blocks. These 16 ha subsections served as plots, and the orchard sites served as replicate blocks. Most of the 16 ha plot served as a buffer with neighboring blocks, while the actual treatment was applied to a central square portion of 0.20, 0.40, 1.22, 2.44, or 4 ha, formed by placing mating disruption dispensers in trees an appropriate distance apart ( Fig. 1 of Burks and Thomson 2019) . Response of navel orangeworm males to pheromone lures was monitored in the center of this treatment area by a grid of five pheromone traps, with one trap in the center and four in trees diagonally adjacent in both adjacent rows. In untreated control plots, this grid of five pheromone traps was placed in the middle of the 16 ha plot, without mating disruption dispensers. Mating disruption was provided by Isomate NOW Mist (Pacific Biocontrol Corp., Vancouver, WA). Dispensers were programmed to emit six times per hour from 22:00 to 06:00 Pacific Daylight Time, and monitoring was performed using wing traps (Suterra LLC, Bend, OR) baited with NOW Biolure (Suterra LLC). Traps were monitored weekly from 24 March until 28 July 2016, and lures were changed every 4 wk.
Pheromone Trap Capture as Affected by Time of Termination of Mating Disruption
Experiments in a San Joaquin Valley pistachio orchard near Five Points, CA (36.432, −120.100), were conducted from May until October 2017 (Table 1) . These experiments used a series of eight square 65 ha management units as replicate blocks. These sites were to the west of and part of the same 1,375 ha pistachio orchard used in a previous study (Burks and Thomson 2019) , and was chosen because the site offered a large navel orangeworm population in an orchard not treated with mating disruption, and because its size and configuration supported the present study. The four square 16 ha quarters of these replicate blocks served as treatment plots, and grids of five pheromone traps were placed in the middle of a 0.4 ha square of four Isomate NOW Mist units, as described in the previous section. These aerosol dispensers were programmed to emit six times per hour, with the start and stop of emission varying with individual experiments.
An experiment during early May until the end of August (shortly before pistachio harvest) examined the impact dispenser termination time during the period of summer weather patterns in central California. Dispensers were programmed to start at midnight (00:00) PDT, and terminate at either 06:00, 05:00, or 04:00, and males captured in pheromone traps in these plots were compared to captures in a control plot in which there were no mating disruption dispensers.
A subsequent experiment after harvest compared treatment for 6 h from 18:00 to 0:00, 6 h from 00:00 to 06:00, or 12 h from 18:00 to 06:00 with an untreated control ( Table 1) . The time of start of navel orangeworm sexual activity (female called and male orientation to sex pheromone sources) is affected by temperatures under a certain threshold and potentially more variable; so, these data were compared to air temperature at 18:00, 00:00, and 06:00 as obtained from a nearby weather station (California Irrigation Management Information System, Station 105, Tranquility, CA) (CIMIS 2019). This period was examined because mating disruption after harvest is used to reduce population carry-over to the following crop year.
Residual Effects of Mating Disruption
A final experiment examined whether pheromone traps continued to be suppressed after dispensers were turned off and removed from the orchard (Table 1) . This experiment was performed after the last day of the previous test. Four of the five pheromone traps were also removed from each plot at this time, partially because a shorter monitoring interval was planned and partially because it was not anticipated that the lower detection level provided by multiple pheromone traps would be necessary after the removal of mating disruption. Based on the observed data, the test was discontinued after data collection on the day after the dispensers were removed. Two of the control treatment plot traps were missing in this experiment, i.e., n = 6 for the no mating disruption plots and n = 8 for each of the three mating disruption treatments. 
Data Analysis
Data were summarized and processed using R 3.6.0 (R Core Team 2019). Generalized linear mixed models (GLMMs) were used to compare cumulative means of males captured in these experiments (Table 2) , with the treatments as fixed effects and the replicate blocks as random effects. The Tukey multiple range test was used for means separations. Generally, a negative binomial error distribution was used, based on examination of frequency distributions and model fit statistics (e.g., deviance/degrees of freedom). For the experiment in September 2017, a Gaussian distribution was used because particularly high abundance at that time reduced the heteroscedasticity often seen in data from experiments like these. These models were analyzed in SAS (SAS Institute Inc 2016), with PROC GLIMMIX used for the GLMM analyses with negative binomial and PROC MIXED for the Gaussian model. The untransformed and transformed plots of capture versus mating disruption dispenser density and the box plots used to illustrate the results of selected experiments were generated using the R package ggplot2 (Wickham 2016) , and linear regression in base R was used to examine linearity of the Miller-Gut curve.
Results

Pheromone Trap Capture Versus Dispenser Density
Mating disruption in small plots with dispensers at densities from 0.25 to 4.94 dispenser per ha all significantly reduced the number of males captured, with trap suppression ranging from 78 to 99% (Tables 2 and 3) . A plot of males captured as a function of dispenser density appears concave when considering the first three points (0, 0.25, and 0.41 dispensers per ha), but the last four points (0.41, 0.82, 2.47, and 4.94 dispensers per ha) are linear with respect to each other (Fig. 1A) . In the reciprocal (Miller-Gut) transform, the first four points form a straight line (r 2 = 0.979), whereas the data including the last point are a poorer fit for a straight line (r 2 = 0.879) (Fig. 1B) . In the Miller-de Lame transform (males captured vs capture × dispenser density), the final point (greatest dispenser density) is clearly less than (left of) the penultimate point, i.e., this plot turns back in on itself (Fig. 1C ).
Pheromone Trap Capture as Effected by Time of Termination of Mating Disruption
Mating disruption during the summer with the three different termination times (04:00, 05:00, or 06:00, each starting at 00:00) all similarly and substantially suppressed the number of males captured in pheromone traps, as indicated by a plot of weekly trap counts (Fig. 2) and confirmed by statistical comparison of the cumulative sum of trap counts over this period (Tables 2 and 4 ).
In the postharvest season, comparison of mating disruption for 6 h before midnight (18:00 to 00:00) or 6 h after midnight (00:00 to 06:00) with mating disruption for 12 h (18:00 to 06:00) or 0 h revealed different trends in the different monitoring intervals (Fig. 3) . In the first of the three monitoring intervals, from 29 September to 3 October 2017, significantly fewer males were captured in the plots receiving the 12 h treatment compared to the untreated control. For both of the 6 h treatments, the number of males captured was intermediate in the multiple range test, i.e., not significantly different from captures in either the untreated control or the 12 h treatment plots. A different pattern was seen in the second and third monitoring intervals, in which fewer males were captured in both the earlier 6 h treatment and the 12 h treatment, while the number of males captured in plots receiving the 6 h treatment from 00:00 to 06:00 was not significantly different from the number of males captured in the untreated control plot (Fig. 3 ).
There were corresponding differences in temperature patterns in the three monitoring intervals, although these differences were more evident in the temperatures at 00:00 and 06:00 compared to 18:00 (Fig. 4) . The temperatures at 18:00 were similar and ranged from the low 20 s to the low 30 s Celsius. At 00:00, three of the temperatures in the first interval were above 19°C while the remaining two were below 13°C. At 06:00, temperatures in the first interval were above the 11°C flight threshold for 3 of 4 d. In the second interval, all temperatures were between 12 and 17°C at 00:00, but all were below 11°C threshold by 06:00. In the third interval, the temperature at 00:00 was above 11°C on four of the five nights, but below this mark by 06:00 on all nights.
Residual Effects of Aerosol Mating Disruption on Pheromone Trap Capture After Removal of Dispensers
There were no significant differences in the number of males captured in pheromone traps in the former treatment and control plots the day after the postharvest treatments were removed (Fig. 5 ). The range of moths captured in pheromone traps in all treatment plots was between a minimum of 1 and a maximum of 36.
Discussion
The profiles of capture versus dispenser density fit the predictions for a hybrid mechanism more clearly than the alternative competitive or noncompetitive models (Miller and Gut 2015) . The untransformed plot is described as smoothly concave for competitive mechanisms and linear for noncompetitive mechanisms. For the hybrid mechanism, the untransformed curve is described 'as sharply but nonsmoothly concave', and it is also said to 'approach zero quicker than will a competitive profile'. For the reciprocal transform (the Miller-Gut transform), the profile for competitive interactions is expected to be linear, whereas the profile for both the noncompetitive and the hybrid mechanisms are expected to be upturned. The Miller-de Lame transformation is considered most diagnostic and is characterized by 'an assymetric plot that hooks well below half of the maximum catch' (Miller and Gut 2015) . This is the first case that we are aware of in which analysis of plots of capture versus dispenser density from a field study revealed a profile resembling that of a hybrid mechanism. Profile analysis was previously used to examine mating disruption for the codling moth, Cydia pomonella L. (Lepidoptera: Tortricidae) for aerosol dispensers (McGhee and Gut 2014), as well as for hand-applied dispensers (Miller et al. 2010) . These studies found competitive mechanisms for both hand-applied dispensers and aerosol dispensers but important details differed in that the aerosol dispensers drew males from farther away. Cases in which profile analysis revealed noncompetitive mechanisms include the oriental fruit moth Grapholita molestia (Busck) (Lepidoptera: Pyralidae) (Reinke et al. 2014 ) and the citrus leaf miner Phyllocnistis citrella Stainton (Lepidoptera: Gracillariidae) (Stelinski et al. 2008) . In both cases, a pheromone formulation that was attractive at lower concentrations (oriental fruit moth, Reinke et al. 2014) or spatial densities (citrus leaf miner, Stelinski et al. 2008 ) was observed in the field to be nonattractive to the target species when used in the manner that they were used in the mating disruption studies. Also, in both of these cases, desensitization was invoked as a factor in the impairment of males to orient to females (Stelinski et al. 2008 , Reinke et al. 2014 . Previous trapping studies have found that navel orangeworm males were captured in traps baited with only (Z11,Z13)-hexadecadienal, albeit in far lower numbers compared to traps baited with unmated females (Kuenen et al. 2001) .
On a practical level, these findings indicate that pheromone traps are useful only as quality control for the mating disruption treatment. There is no evidence of crop protection in almonds at densities of ≥0.8 dispensers per ha (Burks, unpublished data) . In contrast, suppression of navel orangeworm damage in almonds has been demonstrated when a similar amount (Z11,Z13)-hexadecadienal (90-100 mg per ha per night) is dispensed from either 2.5 (Burks and Thomson 2019) or 5 dispensers per acre Burks 2008, Higbee et al. 2017 ). An earlier study found reduction in damage in almonds when dispensers were evenly gridded in 16 ha plots at 5 per 
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Temperature (degrees C) Fig. 4 . Nighttime temperatures for at 18:00, 00:00, and 06:00 (PDT) for individual nights in the three postharvest monitoring intervals for which mating disruption trap suppression data are presented in Fig. 3. ha, but no damage reduction when an equal number of dispensers were placed around the edge of 16 ha test plots (Higbee and Burks 2008) . Pheromone traps can serve as an important quality control for mating disruption for navel orangeworm because captures of more than a few males indicates that sexual communication is not sufficiently disrupted. However, even navel orangeworm mating disruption at insufficient intensity for crop protection severely reduces males in pheromone traps. Other monitoring methods must therefore be used in addition to detect potentially damaging abundance of navel orangeworm in orchards in or near aerosol mating disruption treatments (Rosenheim et al. 2017 , Burks et al. 2020 . The experiments on the effect of time of termination of aerosol disruption were to address the question of whether camouflage might be an important aspect of mating disruption for the navel orangeworm (Burks and Thomson 2019) . If so, then disruption should be transient, and ending disruption before the end of the period of sexual activity for this pest would be a problem. At temperatures above 17°C, navel orangeworm sexual activity begins within the last 2-3 h of the day and generally continues until dawn or the beginning of the photophase Curtis 1982, Parra-Pedrazzoli and Leal 2006) . In Central California, sunrise is 06:05 local (PDT, UT-7) on 1 May and 1 August, and 05:40 on the solstice (21 June) (U.S. Naval Observatory [USNO] 2015). Stopping mating disruption at 05:00, as has been done in commercial practice, should stop it before navel orangeworm sexual activity is complete in undisrupted blocks. Stopping emission at 04:00, as done in this study, would doubtless stop emission before the end of sexual activity.
The pistachio site where the termination time experiments were conducted provided a rigorous test of the small mating disruption plots. This was a young orchard with an open canopy, and with high navel orangeworm abundance. The 75-79% suppression of males in pheromone traps was under the same spacing conditions as those which provided 96% suppression in the dispenser density experiment in the almond profile analysis experiment. It is possible that differences were in part due to the different crops, and more research is needed on the impact of canopy structure on the effectiveness of different mating disruption formulations for navel orangeworm. It is nonetheless remarkable that response to the three termination times was consistent throughout the period of the experiment, from 11 May to 25 August. This observation provides strong evidence that the effect of exposure to aerosol mating disruption is not transient, but rather persists through the rest of the period of sexual activity under summer conditions.
The nature of the experiment was changed in the postharvest period of 29 September to 17 October because previous research showed that a change in the time that sexual activity begins is to be expected at that time of year . Comparing disruption for approximately the first or last half of the night (the sun rises at 07:08 PDT on 17 October and sets at 18:20) to disruption for most of the night or none was considered a practical way to assess when active aerosol coverage was important. During this period, nighttime cooling was more evident than cooling during the day. Of the times for which temperatures are presented here, temperature at midnight (Fig. 4) was the most consistent with the trap suppression results. For example, only the 12-h treatment significantly suppressed capture in the period of 29 September to 3 October, while both the before-midnight and after-midnight 6 h treatments were in an intermediate range between the 12-h treatment and untreated control (Fig. 3) . This is consistent with the midnight temperature data that three nights during this period were above the 11-19°C range in which the time of onset of sexual activity of the navel orangeworm is affected by temperature , whereas two nights were at the lower end of this range. This observation suggests that sexual activity started before midnight on some nights in this period, and after midnight on others. In contrast, in the other two periods, temperatures were within this 11-19°C range on all nights, and aerosol mating disruption treatments that began before midnight (the earlier 6-h and the 12-h treatments) suppressed males captured in pheromone traps, whereas the treatment beginning at midnight did not.
The number of males captured in a single night in all plots in the residual effects experiment was sufficiently high the failure to find a residual or 'ghost' effect cannot be explained as due to low numbers overall. Such an effect has previously been demonstrated for the light brown apple moth Epiphyas postvittana (Walker) (Lepidoptera:Tortricidae) on apple leaves behaviorally and through electroantennogram for the pheromone compound (11E)-tetradecadienyl acetate (Suckling et al. 1996) and behaviorally and via gas chromatography for the compound (8E,10E)dodecydecadienol (codlemone) (McGhee 2014). In the case of codlemone, leaves that received direct application from an aerosol dispenser emitted more codlemone 24 h later compared to the hand-applied mating disruption dispenser also examined in that study (McGhee 2014) . This supported a premise from an earlier study (Stelinski et al. 2007 ) that re-emission from foliage played a role in aerosol mating disruption for codling moth. The conjugated diene structure of codlemone can cause it to oxidize and polymerize in dispensers (Millar 1995) and is considered a limiting factor in codlemone accumulation in leaves (Gut et al. 2004 ). In comparison, (Z11,Z13)-hexadecadienal has both a conjugated diene structure and an aldehyde functional group, which may make it more susceptible to polymerization. Such problems were thought to be a factor in early difficulties with use of (Z11,Z13)-hexadecadienal for mating disruption for navel orangeworm (Landolt et al. 1981 , and a reason why aerosol dispensers were viewed as more promising for this application (Shorey and Gerber 1996, Higbee and Burks 2008) . Comparison of partition coefficients indicated that a 12-carbon alcohol like codlemone is a couple of orders of magnitude more likely to be re-emitted from a solid surface into the air compared to a 16-carbon aldehyde like that used in mating disruption for navel orangeworm (Gut et al. 2004) . Pheromone emitted in orchards of the Central Valley of California might also be less likely to persist from one day to the next due to the destructive effect of the greater ultraviolet radiation received there compared to the midwestern or Pacific northwestern pome fruit growing regions of the United States (National Cancer Institute 2019). Also, the behavior effect of codlemone on the codling moth and (Z11,Z13)-hexadecadienal on the navel orangeworm differ. The former is strongly attractive whereas the latter is, by itself, only faintly attractive and Fig. 1A suggests that there is a threshold below which behavioral effects of this active ingredient are greatly reduced. Given these factors, it is not surprising that re-emitted residues were not behaviorally active the night after the aerosol emitters were removed. It is, however, plausible that the behaviorally and chemical factors discussed here are important factors in the importance of emission frequency for these pheromones, i.e., that the frequency of emission of codlemone from aerosol dispensers could be reduced without harming communication disruption in codling moth (McGhee et al. 2016) , whereas effectiveness of communication disruption of navel orangeworm increased with frequency of emission of (Z11,Z13)-hexadecadienal (Burks and Thomson 2019) .
From this study and a previous one (Burks and Thomson 2019), the following observations can be made concerning aerosol mating disruption for navel orangeworm with (Z11,Z13)-hexadecadienal:
1. More frequent release emission suppresses sexual communication more effectively (Burks and Thomson 2019). 2. Starting emission before the start of the period of sexual activity does not improve suppression of sexual communication (Burks and Thomson 2019) . 3. Stopping emission before the end of the period of sexual activity does not reduce suppression of males in pheromone traps (current study). 4. The data indicate no behaviorally important residual activity from one night to the next, and the evidence suggests that this does not occur within the same night (current study). 5. Profile analysis plots are consistent with a hybrid mode of action and suggest a concentration threshold for the pheromone to suppress sexual communication in males (current study).
From these observations, the following can be offered as a conceptual model to guide further research in this system: 1. Camouflage is not an important mechanism (#3 above). 2. The suppression effect initially requires male interaction (#1, #2, and #4). 3. Hours-long suppression is due to the effect on the male, and does not involve no re-emission in the environment (#1, 2, and #4 above).
These observations and considerations will help the providers of mating disruption in developing and improving their products, and the buyers of these products in assessing cost and benefit among the market alternatives.
